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Hybrid Simulations of a Curved Shock

V. A, Thomas and D. Winske

Los Aliimos National Laboratory

Caleulatiors of supersonie Hlow past maguetized and unmagnenized objects have
been used to model the properties of shock waves associated with the flow of solar
wind past the planers. Sucli calenlanions have been performed hoth i the flaid
lmit (Spreiter and Staharva, TO8H) and in the NTHD Lt (Walker and Ogino, 1939

ated the references therein) in both two and three dimensions.

Fyven though sneh ealenlations do give some properties of the interaction, the
basie shoek dissipation mechanisms arve not retained. Ou the other hand, idealized
planar ealeulations have heen performed with full particle codes and hybrid (partiele
tons and massless aid electrons) codes to examine the shoek dissipations processes,
For the usual planetary case of supererital flow relative 1o the Allven veloeity
C Ve = 3V 000 the dissipation mechanism involves the refleetion of part of the
imcoming ion papulation. o process well modeled by hybrid sinmlations, Hybrid
sinmlations of planar shock waves hiave also yvielded neh infhrmation coneernine

the clectromapnetie ticld straetare of the shoek, (Goodrieh, 1O85).

Unfortunately, the plimar caleulations do not inelude all of the processes
thoneht 1o he iportant in the global wormetare of the how shoek. Nmone these
veocesses are the nonloeal traneport of refleeted jons thoneh the <hoek, and the
question of which ions make np the foreshoek popnlation, e, thowe ione that travel
bael: nptrenm into the solar wind frome the quaciparallel portion of the <hoek. To
arcwer the eoome tone i el cons trent approach that inelndecion kinetie phenoni

ctua torether with olobal - hoels |||H'I|n|| enn 1 needed, Hore we n'lll(‘lll]" Poresannine



these issues by performine large seale hybrid simmlations of a1 curved shoek in two

dimensions.

\any aleorithms are available for solving the clectromaencetie ficlds in hybrid
codes in 2-D. e.g.. Harned (19825, Terasawa (19361, aud Quest (1939, The method
we use is an adaptation of the larer two methods, The ditlerence hetween the metn
ods is the manner in which J,"' " s calenlated from B0 1,002 and ErbY2
where J, s the jon current density. 13 s the maenetie eldo B s the elecrrme field.
and the superseript o 1= the tme step levell o Terasawa’s method. a second order
Runge Kutta interzration is used to prediet the desired guantity: repeated itera
tion is possible, if desived. In Quest’™s approach. the thid equations are vsed 1o
caleulnte the desired quantity, Using the tinid equations yvields an algorithne that is
nore robust than that of Terasawa. Unfortunately. the algorithm requires separate
flutd equation predictions for each species: and the form of the reguired equations
i< cotanlicated i more than one eharge to mass ratio is being stmlated. Another
approach is to extrapolate J,* 'Y fron Hs value ot the previous time step and previ
ons half titne stepe Many properties of this algorithim are satisfactory, inclading the
pos=ibility of incladine species with ditferent charvee to mass ratios, We performed

the elobal hybrid sinmlations usine this methodd.

For the initial ealeulntions we chose o two ditnendonal maodel with che qanbient
maenetic tield in the plane of the <imwlation, makine an anele of GOY with respeet to
the incotine, HHow veloeity, Only the front edee of the wpherieal obataele i< continned
in the <imulation reejon. Fhe normal component of the veloeity i removed f a
particle collides with the oleaaele, Sinee the complere obetaele 1 not contained in
the e mbion reeion, o teady ~tate can not he achieved i no low ocenrs thronel
|||(' oh -I:u'l«‘. heo e heeane :ill‘ cleetre |'|t‘||| would he Jero ol e |-:|l'|\' l‘(ll“(‘ of the

mmlation reeion inade of thes oberaele o thar the cormine maenet e fus eannot



he lee ont of the ~simualation reeion. Because (ml_\' the front edee of the obstacle 1s
retained inthe calenladion. magnetie thix eannot he eliminated by reconnection, a-
oceurs in two dineisioral MHD ~aleulations when the entire obstacle is kept in the
arid (Ogino et. al, 10390, It shovdd be noted that two dimensional NTHD simualations

with an obstacle sutter from sinvlar problems with regards to the magnetie flux,

In the present ealenlation, in ovder to let flow oc-ur through the obstacle the
coordinate perpendienlar to the simulation plane is kept for the particies. Particles
that collide with the obstacle can then tlow throushi it after many collisions. provided
the obstacle is treated as an objeet with a finite extent out of the simulation plane.
A ~teady ~tate then heeomes possible and sinmlations show that indeed & steady
state is achieved, The plasma density for such i steady state is shown in Fig, 1.
Onee o steady stare is achieved, the shoek is separated from the obstacle and so the
obstaele does not impact the processes ocenrring at the shoek front. Initial resalts
sueeost that high encrey particles exiting the shoek from the guasiparallel side of
the shock orieinate from nmliiple retlections of “ieoming ions on the shoek surtacee,
i shown in e, 2.
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Figure Captions

Figure 1. Plasma density relative to the incoming value after steady shock is
achicved. The Alfven AMach number is 10. The calculation is performed on a
700 by 160 grid and involves &= 2.5 million particie ions.

Figure 2. Generation of energetic particles at the shock front. Showr is the
magnetic field lines (solid lin(-s. the shock surface determined from the density
jump (thick solid line), and test particle trajectories for (a) those test particles
that hiad more than four times the initial ram energy at some time durimg their
orbit and (h) those test particles that had more than nine times the ram energy
at some point in their orbit.
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